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(57) Abstract: The use of reverse osmotic membranes to remove some acetic acid from the aqueous acetic acid streams which are 
^ generated in the tfierephthalic acid production is disclosed The use of these membranes provides a more energy efficient and less 
capital-intensive method for purifying aqueous streams and obtaining acetic acid for recycling back into the production process. 
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USE OF OSMOTIC MEMBRANES IN TERE PHTHAL I C ACID PRODUCTION 



The present invention relates to a new process for the 
5 production of crude terephthalic acid ( "CTA" ) . More particu- 
larly, this application relates to the use of reverse osmotic 
membranes to remove some acetic acid from the aqueous acetic 
acid streams, which are generated in the CTA production. 

Crude Terephthalic Acid is produced by direct oxidation 
10 of p- xylene using acetic acid as solvent and subsequent crys- 
tallization from the mother liquor to recover the Crude Ter- 
ephthalic Acid (CTA) • The slurry from the crys tallizers is 
fed to a filtration device in which the CTA is separated from 
its mother liquor. To clean out the crystals from mother 
15 liquor residues the CTA is washed, typically into the same 
filtering device, with recovered acetic acid. The CTA is 
then dried and stored in storage silos to feed the purifica- 
tion section. 

The typical process for CTA production and solvent re- 
20 covery involves, among others, the steps of: 

1. Mixing the p- xylene with acetic acid 

2. Oxidizing the p-xylene using a source of molecular oxy- 
gen 

3. Crystallizing the solid from its mother liquor and wash- 
25 ing the solid so recovered with solvent, to eliminate 

the residual mother liquor 

4. drying the washed solid in a suitable dryer 

5. storing the dry solid in storage silos 

6. washing almost all off gas streams with acetic acid 
30 and/or water 

7. Collecting all the streams containing acetic acid and 
directing the streams to a distillation section to sepa- 
rate acetic acid to be recycled from water, to be recy- 
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cled or directed to a wastewater treatment plant- Typi- 
cally the acetic acid so recovered contains from 1 to 6 
percent wt of water, while the distilled water typically 
contains from 0,01 to 2 percent wt of acetic acid. 

5 In order to reduce the cost connected to the treatment 

the water must meet certain purity standards. These purity 
standards typically require the use of large distillation 
towers in order to minimize the levels of acetic acid or 
other impurities contained in the water. These larger, more 

10 elaborate columns are also more costly, both in terms of 
capital and in terms of energy cost required to operate them. 
These energy requirements for operating such columns increase 
with greater amounts of water present in the acetic acid. 
Accordingly, it would be beneficial to develop a more cost- 

15 effective way to remove the water. 

Osmotic membranes are well known in the art for use in 
purification of liquids. In reverse osmosis, the aqueous so- 
lution is forced against an osmotic membrane (that is, a wa- 
ter-permeable membrane capable of selectively passing water 

20 through the membrane) . In this process the flow of water un- 
der the applied hydrostatic pressure is in a direction oppo- 
site to that normally observed in direct osmosis. When the 
pressure of the aqueous solution exceeds the osmotic pressure 
of the impurity, water is preferentially forced through the 

25 membrane, effectively lowering the concentration of the impu- 
rity on that side of the membrane. Additional osmotic mem- 
branes in series may further treat this more pure stream un- 
til the purity of the water passing through the membrane is 
at a desired level. 

30 Applicants have discovered that osmotic membranes can be 

advantageously used to remove some of the water from the 
aqueous acetic acid streams in a CTA production plant. The 
use of these osmotic . membranes can lead to significant cost 
reductions, especially when used in conjunction with distil - 
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lation towers, albeit smaller columns than previously re- 
quired. 

The present invention involves the use of one or more 
osmotic membranes to remove at least a portion of the acetic 
5 acid from the water in at least one of the aqueous acetic 
acid streams produced in a terephthalic acid production fa- 
cility. The osmotic membrane can be any membrane known in 
the art, which is capable to some extent of selectively pass- 
ing water through the membrane while retaining acetic acid 
10 behind . It is preferred that the membrane also provides re- 
tention of other impurities which are commonly seen in the 
aqueous acetic acid streams, such as for example p- xylene or 
methyl acetate. The spiral -wound elements membranes are most 
preferred. 

15 The osmotic membranes used in the present invention can 

be installed in any aqueous acetic acid stream. Because of 
the pressure limitations of most commercially available mem- 
branes , the stream practically should contain no more than 2 5 
percent by weight acetic acid. This corresponds to an ap- 

20 proximate osmotic pressure of 7 0 bar, which is the burst 
limit of most commercial membranes. Accordingly it is pre- 
ferred that the osmotic membranes be installed in streams 
having 25 percent or less acetic acid content. 

As it is known in the art, an osmotic membrane has cer- 

25 tain efficiency for retaining the impurities (such as acetic 
acid) , such that some impurities will almost always pass 
through the membrane. For this reason it is preferred that a 
series of membranes be used sequentially such that the puri- 
fied stream from a first membrane is passed to a second mem- 

30 brane. The purified stream from that second membrane can 
then be passed to a third membrane and so on until the final 
stream is sufficiently pure. 

Simultaneously, the stream of (now less concentrated) 
aqueous acetic acid, which did not pass through one of the 

35 membranes, can be routed as input to another membrane or a 
series of membranes in the sequence in accordance with the 
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limitation connected to the relevant osmotic pressure. In 
this way an aqueous stream with a higher concentration of 
acetic acid is obtained, along with an aqueous stream which 
is less concentrated in acetic acid (and other impurities) . 
5 When the desired concentration is reached in the more concen- 
trated stream, it is preferably routed to a distillation sec- 
tion, as it is herein described. 

The number of sequential membranes depends on the effi- 
ciency of the membranes in removing the impurities, as it is 

10 known in the art. Similarly, the routing of the various 
streams through the various membranes can be optimized and 
controlled (preferably electronically) according to methods 
knpwn in the art . 

As is known in the art, most of the water from the con- 

15 centrated stream can be removed by distillation. As earlier 
indicated the stream coming from the membrane (s) , which is 
concentrated in acetic acid, is preferably directed to a dis- 
tillation section . 

The required energy to run a distillation section in a 

20 plant of terephthalic acid is known in the art* The use of 
osmotic membranes jointly with a distillation section is eco- 
nomically advantageous in comparison with the single distil- 
lation section itself- In fact, by combining the two sys- 
tems, the osmotic membranes and the distillation, the total 

25 amount of energy required to separate the acetic acid from 
the water is less and the investment costs are lower, because 
the resulting distillation section can be smaller. It is 
also contemplated that by using the osmotic membranes for the 
final purification, either the reflux ratio or the number of 

30 stages of the distillation tower, that separates acetic acid 
from water, can be significantly reduced. 

The concentrated acetic acid is collected in the bottom 
of the tower and reused in the process. The water is col- 
lected in the top of the tower and can be recycled, disposed 

35 of, or most preferably routed to the osmotic membrane (or at 
a suitable stage within the sequence of osmotic membranes) 
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for further purification if needed. It is generally pre- 
ferred that the purified water stream coming from the final 
membrane contains less than 0.01 percent by weight acetic 
acid, although local conditions will dictate the actual need. 
5 Obtaining purity levels this high through distillation alone 
would require large amounts of energy and much larger distil- 
lation columns. This water can be recycled for reuse in the 
various washes used in a typical terephthalic acid plant or 
be routed to disposal. 

10 It is contemplated that the membranes can be used to pu- 

rify the aqueous acetic acid streams coming from several pro- 
cess streams. Ideally when membranes are used sequentially, 
the various streams are routed to the appropriate membrane 
such that it closely matches the concentration of the streams 

15 entering the membrane. 

As is known in the art, the presence of solids can hin- 
der the performance of osmotic membranes. Accordingly if a 
particular stream contains solids, it may be desirable to re- 
move the solids prior to sending the streams to the mem- 

20 branes . Suitable devices for filtering or otherwise removing 
the solids are well known in the art. Shown in Figure 1 are 
the typical values of the efficiency of the osmotic mem- 
branes, observed while separating water from acetic acid, on 
the basis of a single pass through the membrane. On the x 

25 axis are reported the concentrations of acetic acid in a wa- 
ter solution such as those observed in a process stream be- 
fore the separation; on the y axis are displayed the amount 
of acetic acid removed from the stream as a percentage of the 
initial feed concentration. This figure demonstrates that it 

30 is possible to remove acetic acid from aqueous streams using 
osmotic membranes. 
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u * 

CLAIMS ; 

1. A process for producing terephthalic acid wherein 
one or more aqueous acetic acid streams are produced, in 
which an osmotic membrane system comprising one or more os- 

5 motic membranes is used to remove at least a portion of the 
acetic acid from the water in at least one of the streams » 

2. The process of Claim 1 wherein the acetic acid con- 
tent in the water stream leaving the osmotic membrane system 
is lower than 1 percent by weight 

10 3. The process of Claim 1 wherein the acetic acid been 

removed from the water by the osmotic membrane system is re- 
used as solvent in the terephthalic acid production. 

4. The process of Claim 1 further comprising the step 
of performing a separation of the acetic acid and water using 

15 a distillation tower prior to removing additional acetic acid 
from the water stream using the osmotic membrane system. 

5. The process of Claim 4 wherein the water stream 
coming from the distillation tower contains less than 25 per- 
cent by weight of acetic acid. 

20 6. The process of Claim 5 wherein the acetic acid that 

has been removed from the water stream using the osmotic mem- 
brane system is recycled back to the distillation tower. 

7 . The process of Claim 1 wherein the osmotic membrane 
used in the system is selected from the group comprising the 

25 whole SW family of FILMTEC Corporation. 

8. The process of Claim 1 wherein solids are removed 
from one or more streams before being sent to the osmotic 
membrane system. 

9. The process of Claim 8 wherein the stream (s) is 
30 filtered to remove solids prior to sending it to the osmotic 

membranes sys tern . 

10. The process of Claim 1 wherein the aqueous acetic 
acid stream further contains p-xylene and/or methyl acetate 
and wherein the osmotic membrane system also separates at 
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least a portion of the p- xylene and/or methyl acetate from 
the water. 

11. The process of Claim 1, wherein the osmotic mem- 
brane system comprises more than one osmotic membrane ar- 

5 ranged sequentially, 

12. The process of Claim 11 wherein more them one aque- 
ous acetic acid streams are produced, and wherein each par- 
ticular aqueous acetic acid stream is directed to the osmotic 
membrane system at a location in which the acetic acid con- 
ic tent of the particular aqueous acetic acid stream most 

closely matches the acetic acid content in the osmotic mem- 
brane system. 
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